Introduction
Road traffic collisions are a major cause of premature death and disability worldwide: every year, 20 to 50 million people involved in collisions are injured and around 1.3 million die. 1 In particular, road traffic injuries are the main cause of death among adolescents and young adults. 2 The World Health Organization (WHO) estimates that death from road traffic injuries will become the fifth leading cause of death worldwide in 2030; 3 in 2004, it was the ninth. 4 Although 90% of these deaths are concentrated in low-and middle-income countries, road traffic collisions in WHO's European Region cause at least 120 000 deaths and injure 2.4 million people each year. 4 Road traffic injuries have not always been considered a preventable health problem, 5 but it has long been known that they are related to modifiable determinants. Tackling them is not substantially different from tackling other health problems. 6 Actions to prevent road traffic injuries and reduce associated mortality and disability include modifying the various factors involved in collisions. These factors may play a role before, during or after a collision and may be related to the characteristics of the individuals involved, the vector that made the transfer of mechanical energy possible (e.g. the vehicle) or physical and socioeconomic circumstances. 6 Several interventions have proved effective in preventing road traffic injuries. Among them are legal measures aimed at restricting driving under the influence of alcohol and at ensuring gradual access to driving licences, as well as improvements in the design of vehicles and the road network. 7 In the early years of the twenty-first century, the government of Catalonia, an autonomous region in north-eastern Spain, endorsed the European Commission's goal of cutting by half the number of deaths from road traffic collisions between 2000 and 2010 and included this goal in road safety and health policy. [8] [9] [10] The development of new road safety policies was made possible by a social and political consensus on the importance of road safety. Actions were taken to decrease traffic speed, reduce driving under the influence of alcohol, increase the use of safety equipment and improve the road infrastructure. Several interventions were implemented: educational campaigns were run through the mass media, police monitoring was increased and fines were used more extensively. In 2006, legal measures were introduced to fine reoffenders using a penalty point system and to make serious traffic infractions a criminal offence. Studies have shown that the incidence of road traffic injuries can be greatly reduced by speed cameras, 11 by including road safety in the political agenda, 12 by using a penalty point system 13 and by criminalizing traffic offences. 14, 15 In addition to their social and epidemiological effects, road traffic injuries also have substantial economic implications: they lead to increased direct and indirect costs and to losses in productivity. The annual cost of road traffic collisions has been estimated for different areas of Spain: it was 1586 million euros (€) in the northwestern region of Galicia in 2003, €240 million in the Canary Islands in 1997, €9039 million in the whole of Spain in 2004, €144 million in the whole of Catalonia in 2007 and €367 million in the Catalan capital Barcelona in 2003. [16] [17] [18] [19] [20] The literature reports that the cost of Objective To determine whether the road safety policies introduced between 2000 and 2010 in Catalonia, Spain, which aimed primarily to reduce deaths from road traffic collisions by 50% by 2010, were associated with economic benefits to society. Methods A cost analysis was performed from a societal perspective with a 10-year time horizon. It considered the costs of: hospital admissions; ambulance transport; autopsies; specialized health care; police, firefighter and roadside assistance; adapting to disability; and productivity lost due to institutionalization, death or sick leave of the injured or their caregivers; as well as material and administrative costs. Data were obtained from a Catalan hospital registry, the Catalan Traffic Service information system, insurance companies and other sources. All costs were calculated in euros (€) at 2011 values. Findings A substantial reduction in deaths from road traffic collisions was observed between 2000 and 2010. Between 2001 and 2010, with the implementation of new road safety policies, there were 26 063 fewer road traffic collisions with victims than expected, 2909 fewer deaths (57%) and 25 444 fewer hospitalizations. The estimated total cost savings were around €18 000 million. Of these, around 97% resulted from reductions in lost productivity. Of the remaining cost savings, 63% were associated with specialized health care, 15% with adapting to disability and 8.1% with hospital care.
Conclusion
The road safety policies implemented in Catalonia in recent years were associated with a reduction in the number of deaths and injuries from traffic collisions and with substantial economic benefits to society.
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road traffic collisions lies between 0.5% and 2.3% of a country's gross domestic product. [21] [22] [23] [24] The objective of this study was to determine whether the road safety policies introduced in Catalonia between 2000 and 2010 were associated with economic benefits to society.
Methods
We conducted a cost analysis using a societal perspective to estimate the cost savings associated with the introduction of road safety policies in Catalonia. Estimates were made and reported in accordance with commonly accepted methodological guidelines. 25 The analysis considered: (i) direct health-care costs, including the cost of hospital care, ambulance services, autopsy and specialized health care; (ii) direct nonhealth-care costs, including the cost of adapting to disability, material costs, administrative costs and the cost of police, firefighter and roadside assistance; and (iii) indirect costs associated with the lost productivity of individuals who died and individuals who were injured and their carers. In general, the time horizon of the study was 10 years. However, in calculating the cost of lost productivity due to death or to sick leave taken by an injured individual and his or her carer, the time horizon was extended to include the rest of the working life of the individual or carer, where appropriate. All costs are presented in euros, at 2011 values. Costs were adjusted to 2011 values using the consumer price index when necessary.
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Number of victims and collisions
The number of deaths due to road traffic injuries that were avoided between 2001 and 2010 was calculated from the difference between the number of people killed in road traffic collisions in 2000 and the number killed in each other year. 15 The number of collisions with victims, the number of interurban collisions with victims and the number of driver victims that were avoided between 2001 and 2010 were calculated in the same way. 15 Some people injured in road traffic collisions require hospitalization. We calculated the number of acute hospital admissions due to traffic injuries using the code for external causes of injury and the type of payment for treatment recorded in a registry of acute care hospitals in Catalonia, known by its Catalan acronym, CMBDHA. We included admissions classified using codes E810-E819, E826-E829 and 800-999 of the International classification of diseases, ninth revision, clinical modification (ICD-9-CM). For some cost estimates, where it was important to avoid overcounting of individuals who were readmitted to hospital, we counted the number of emergency admissions. In counting the number of individuals with severe injuries, we included only those with injuries to the spinal cord, head or lower extremities, which are the main relevant diagnoses in the Barell injury diagnosis matrix.
27 Table 1 gives details of the number of deaths, injuries and hospital admissions associated with road traffic collisions in the years 2000 to 2010. Table 2 summarizes how the cost savings associated with the introduction of road safety policies were calculated.
Direct health-care costs
We calculated the cost savings in hospital care from the difference between the number of hospital admissions associated with road traffic collisions in 2000 and the number of corresponding admissions in the years 2001 to 2010. The appropriate diagnosis-related group cost, updated to the 2011 value, was applied, according to classification on admission. 26, 35 The cost savings in ambulance services were estimated by assuming that all emergency admissions to hospital required transportation by ambulance. We applied the cost of emergency ambulance transport to the sum of the difference between the number of emergency admissions associated with road traffic collisions in 2000 and the corresponding number in the years 2001 to 2010. 18 The cost savings in autopsy services were estimated by assuming that each death required an autopsy. We applied the average cost of an autopsy to the sum of the difference between the number of people killed in road traffic collisions in 2000 and the number killed in the years 2001 to 2010. 15 The cost savings in specialized health care were estimated by assuming that patients with an injury to the spinal cord, head or lower extremities required 4 hours per day of specialized care. We applied the cost of 4 hours of specialized care per day for 365 days, updated to 2011 values, to the sum of the difference Table 1 
Direct non-health-care costs
The cost savings in adapting to a disability acquired in a road traffic collision took into account the annualized investment required to adapt the home of an individual who was physically disabled and the cost of technical and mobility aids, 28 updated to 2011 values. 26 We applied this cost to the sum of the difference between the number of all emergency admissions involving injuries to the spinal cord or head plus 20% of emergency admissions involving injuries to the lower extremities in 2000 and the number of similar admissions in the years 2001 to 2010. 24 It was assumed conservatively that only 20% of patients admitted with injuries to the lower extremities would suffer longterm disability. 24 The savings in material costs, such as in the cost of damage to vehicles, were estimated by calculating the difference between the number of collisions with victims in 2000 and the number in each year from 2001 to 2010 and then applying an average cost of €1200 per collision to the sum of these differences. 29 We assumed that there is an administrative cost when compensation has to be paid. According to data from insurance companies, administration costs make up 10.12% of car insurance premiums. 30 Correspondingly, we assumed that the administrative cost of arranging compensation was 10.12% of the value of the compensation. We then calculated the difference between the number of collisions with victims in 2000 and the corresponding number in the years 2001 to 2010 15, 31 and applied a cost of 10.12% of the mean compensation of €5805 for serious bodily injury, updated to 2011 values, to the sum of these figures. 15, 18, 26 In 
Cost of lost productivity
In estimating the cost of the productivity lost due to institutionalization for each ICD-9-CM diagnosis code, we selected the higher of (i) the number of days that individuals classified using that code stayed in hospital and (ii) the number of sick days taken by individuals classified using that code, as indicated by data from Spain's National Institute of Social Security. 37 We then applied the average labour cost in Catalonia in 2010, 38 updated to 2011 values, 26 to the sum of the difference between the number of days lost in 2000 and the number lost in the years 2001 to 2010, corrected for the unemployment rate in the Catalan population. 39 The cost of productivity lost due to permanent sick leave associated with spinal cord, brain or lower extremity injury in each year was calculated from the total number of working years lost (i.e. retirement age minus mean age at injury) due to injuries occurring in that year. We took into account all working years lost due to spinal cord and brain injuries but only 20% of the years lost as a result of lower extremity injuries. 24 We subsequently applied the average labour cost in Catalonia in 2010, 39 updated to 2011 values, 26 to the sum of the difference between the number of working years lost in 2000 and the number lost in the years 2001 to 2010, corrected for the unemployment rate in the Catalan population 39 and for the rate of labour market participation of each of these injury groups. 33 In calculating the cost of the productivity lost in providing care to individuals with severe injuries, we assumed that each individual required 5 hours of care per day. 36 We took into account all individuals with a spinal cord or brain injury but only 20% of those with lower extremity injuries. We then applied the average cost of 5 hours of labour per day for 365 days in Catalonia in 2010, 38 updated to 2011 values, 26 to the sum of the difference between the adjusted number of specified injuries in 2000 and the number in the years 2001 to 2010.
Further, we assumed that 60% of carers took permanent sick leave to care for individuals with severe injuries. 33 In calculating the number of carers in each year, we took into account all individuals with a spinal cord or brain injury but only 20% of those with lower extremity injuries. We then calculated the cost of the productivity lost by carers who took permanent sick leave in the same way in which we estimated the cost for individuals with severe injuries. 32, 39 In calculating the cost of the productivity lost due to death, we applied the value of a statistical life to the sum of the difference between the number of deaths from road traffic collisions in 2000 and the number in the years 2001 to 2010.
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Results
During the 10 years from 2001 to 2010, there were 26 063 fewer road traffic collisions with victims than expected, 2909 fewer deaths (i.e. a 57% reduction), 25 444 fewer hospitalizations, 1 141 727 fewer days of temporary sick leave and 69 321 fewer working years of permanent sick leave. The estimated cost savings for all cost categories are shown in Table 3 . The total cost savings were €17 967 396 369: 97% of this figure comprised indirect costs, including the cost of productivity lost due to institutionalization, sick leave for the injured and their carers and death. Overall, 63% of the direct cost savings comprised specialized health-care costs, 15% comprised the cost of adapting to disability and 8.1%, hospital care costs.
Discussion
Our economic analysis showed that, from a societal perspective, the cost savings observed in association with the implementation of road safety policies It is difficult to determine precisely what fraction of costs in a cost category (e.g. administrative costs) is attributable to a particular factor (e.g. injury from road traffic collisions in a given year). In this study, we estimated costs using the epidemiological and cost information available for each cost category, rather than by working with attributable fractions of costs. Consequently, the estimates obtained were numerically accurate but may have been conservative.
Since the cost analysis adopted a societal perspective, government subsidies, such as those for permanent sick leave, were not included insofar as they are money transfers made by the government to individuals who meet certain requirements. They do not reduce a country's wealth and, hence, do not represent an extra cost. 25 Similarly, the cost of compensation was not included because compensation involves the transfer of money from insured individuals to injured individuals. In contrast, in estimating the cost of lost productivity, the cost of labour was taken to be the average gross monthly salary of a worker plus the employer's contributions to social security. In this case, inclusion of these contributions was justified because their value reflects the social value of the worker's productivity, as revealed by the company's willingness to pay, and not just the private value. 25 As is true for any cost analysis, our estimates are subject to various limitations, most of which are associated either with a lack of information about the consumption of resources or with specific aspects of the information systems used. For example, during the 10 years studied, the coverage and quality of data (e.g. diagnostic code and external cause classifications) in the registry of acute care hospitals in Catalonia have improved. In addition, the Catalan Traffic Service's information system has also increased its coverage, especially since 2007. Thus, health-care cost savings may have been underestimated. Similarly, our analysis included only individuals whose principal diagnosis was injury and did not include those whose principal diagnosis was classified using another diagnostic code, even though they may also have had an injury. This would also lead to an underestimate of the number of individuals injured in collisions and, therefore, of savings in health-care costs. In the registry of acute care hospitals in Catalonia, it is not always possible to identify individuals who have been admitted more than once. To minimize the possibility of double counting individuals without introducing other biases, we counted the number of emergency admissions. This approach is commonly used in research on the epidemiological characteristics of rear-end collisions. 40 We did not include details of injuries treated at primary care facilities or emergency departments because of a lack of information. Although injuries treated at these locations may be less serious, they are often associated with temporary sick leave and substantial costs. This is particularly true of whiplash injuries. 41 In addition, using mean values to estimate the cost of specialized health-care, of adapting to disability and of productivity lost by carers may lead to inaccurate results. However, since these mean values were applied only to individuals diagnosed with a spinal cord, brain or lower extremity injury, the effect of any bias introduced was small. In calculating the cost of specialized health-care and of adapting to disability, we considered only emergency hospitalizations associated with a principal diagnosis of spinal cord, brain or lower extremity injury. This led to a conservative estimate of cost because we did not take into account hospitalizations associated with a principal diagnosis of injury to other body areas or with multiple diagnoses, either of which could have led to long-term disability.
Although we aimed to include costs for all actors in society, 25 the lack of attribution factors made it impossible to include the proportion of the cost of research, collision prevention policies and congestion associated with road traffic collisions. 22, 42 Conversely, the savings associated with the reduction in air pollution observed after the implementation of road safety policies were also excluded. 43 Moreover, the decision of what costs to include in certain cost categories is controversial. For example, other studies have included administration costs in their entirety, whereas we included only an estimate of the additional administrative cost of arranging compensation. Finally, we did not include intangible costs, such as those arising from anxiety or pain, because of methodological difficulties in their estimation.
One of the European Commission's objectives for this decade is to reduce road traffic collisions, and the General Assembly of the United Nations officially declared the decade from 2011 to 2020 the decade of action for road safety. In addition, the European Commission's Road Safety Action Programme specifies the actions to be taken to improve road user behaviour, vehicle safety and road infrastructure. 44 In fact, economic assessments have proved the efficacy of many of the recommended measures, particularly the use of speed control radar, airbags, helmets and headlights during the day. [45] [46] [47] [48] This study demonstrates that implementing evidence-based road safety policies brings benefits: Catalonia has experienced the largest change in the health of its population since the beginning of the century, in large part as a result of such policies. The implementation of these policies was made possible by explicit and continuing political commitment supported by society in general, which is very sensitive to the testimony of traffic injury victims, and by the mass media. However, several errors occurred during implementation. For example, speed limits were introduced on the main access routes into the centre of Barcelona before a political and social consensus had been achieved and the limits had to be removed, despite being supported by scientific societies. 49 In addition, some counterproductive policies were implemented, probably for economic motives or because an insufficiently broad view of urban mobility had been adopted. For example, the decision to allow all people licensed to drive a car to drive motorcycles with an engine capacity up to 125 cc resulted in an increase in injuries among motorcyclists. 50 Having reduced the number of injuries and deaths due to road traffic collisions between 2000 and 2010, Catalonia now faces the challenge of achieving the objectives of the United Nations' decade of action for road safety in the context of an economic crisis. Success will depend on Catalonia's continuing ability to 
Resumen Ahorro asociado a 10 años de políticas de seguridad vial en Cataluña, Espagña
Objetivo Determinar si las políticas de seguridad vial introducidas entre los años 2000 y 2010 en Cataluña, España, cuyo propósito principal era la reducción de los fallecimientos causados por accidentes de tráfico en un 50% hasta el 2010, estuvieron asociadas a un beneficio económico para la sociedad. Métodos Se llevó a cabo un análisis de costes desde una perspectiva social y un horizonte temporal de 10 años. Se tomaron en consideración los costes de las hospitalizaciones, el transporte en ambulancia, las autopsias, la atención sanitaria especializada, la policía, bomberos y asistencia en carretera, la adaptación a la discapacidad y la pérdida de productividad debido a la institucionalización, las bajas por enfermedad o fallecimiento de los heridos o sus cuidadores, así como los costes materiales y administrativos. Los datos se obtuvieron del registro de un hospital catalán, el sistema de información del servicio catalán de tráfico, compañías aseguradoras y otras fuentes.
Todos los costes se calcularon en euros (€) según los valores del 2011.
Resultados Entre los años 2000 y 2010 se observó una reducción importante de los fallecimientos causados por accidentes de tráfico. Entre el 2001 y el 2010, con la puesta en práctica de las nuevas políticas de seguridad vial, se produjeron 26 063 colisiones con víctimas menos de las esperadas, 2909 fallecimientos menos (57%), así como 25 444 hospitalizaciones menos. El ahorro total estimado fue de aproximadamente 18 000 millones de euros. De éstos, un 97% se derivó de la reducción de la pérdida de productividad, y del ahorro restante, el 63% estuvo asociado con la atención sanitaria especializada, el 15% con la adaptación a la discapacidad y el 8,1% con la atención hospitalaria. Conclusión Las políticas de seguridad vial puestas en marcha en Cataluña en los últimos años estuvieron asociadas a una reducción en el número de fallecidos y heridos por accidentes de tráfico, así como con beneficios económicos importantes para la sociedad.
